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Abstract
Sorghum is a staple food crop in Niger and its production is constrained by sorghum midge and the
use of low yielding, local sorghum varieties. To improve sorghum productivity, it is crucial to
provide farmers with high yielding sorghum cultivars that are resistant to midge. We evaluated
282 genotypes in four environments of Niger Republic. Alpha (0.1) lattice with two replications
was the experimental design. Genotype and genotype by environment (GGE) biplot analysis was
used to study grain yield (GY) stability and G × E interactions. The results revealed that two distinct
mega environments were present. Genotype L232 was the best genotype for GY in the first planting
date at Konni and the first and second planting dates (PDs) at Maradi. Genotype L17 was the best for
GY in the second PD at Konni. The second PD at Konni was the most discriminating environment
while the first PD at Konni is suitable for selecting widely adapted genotypes for GY.
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Introduction
Sorghum (Sorghum bicolor L. Moench) is the second cereal
crop in Niger after pearl millet. It is used in human aswell as
animal nutrition. In Niger, sorghum production rarely
meets the demand of the growing population. Grain sor-
ghum yields are very low, about 0.28 t/ha, which is far
below the genetic potential of the crop compared with
countries like the USA (4.3 t/ha), Argentina (4.9 t/ha) and
China (3.2 t/ha) (FAOSTAT, 2014). The low production is
attributed to abiotic and biotic stresses such as sorghum
midge Stenodiplosis sorghicola. According to Hamidou
(2016), sorghum midge is a panicle insect found in most
of sorghum growing environments in Niger where it causes
high sorghum grain yield (GY) reduction. In Niger, delay or
advance sorghum planting time is one of midge control
means used by farmers (Hamidou, 2016). However, one
cannot predict the rainy season in the Sahelian countries
like Niger. Hence, early or late environmental stress
could drastically impact sorghum GY for early or late
planted fields. According to Menezes et al. (2015), stress
caused by environmental factors on final yield of sorghum
depends on the growth stage of the crop at which the stress
occurs and the genotype being cultivated. The effect of en-
vironmental conditions may vary depending on planting
date (PD). According to Diawara (2012), PD has significant
influence on GY in sorghum. Early or late planting in-
creases the risk of poor crop establishment resulting in
low yield with early planting and water or heat stress at re-
productive stages with late planting. The use of indigenous
varieties with low-yielding capacity also limits sorghum
productivity in Niger. Farmers mostly rely on low-yielding
landraces, so sorghum production fails to meet the demand
of increasing population and food insecurity remains a
major issue (Maman et al., 2004). Variation in performance*Corresponding author. E-mail: hmassaoud@yahoo.fr
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caused by interaction of genotype and environment on
farms is probably the main reason why traditional plant
breeding has failed to fully benefit resource-poor farmers,
especially in marginal and fragile environments (Ceccarelli
and Grando, 2007). To stabilize sorghum production in
Niger, identification of good yielding and stable varieties
is necessary. Genotype by environment interaction can
be evaluated using GGE biplots which graphically display
the genotype by environment interaction in a two-
dimensional space thereby giving a visual presentation of
the relationships between genotypes and environments
(Yan et al., 2000). The objective of this studywas to identify
new varieties of sorghum with high and stable yield across
environments.
Materials and methods
Experimental germplasm
Two hundred and eighty recombinant F5 inbred lines and
two local checks were evaluated. The F5 lines were ob-
tained by crossing a local sorghum variety (MDK) to an
exotic sorghum midge resistant cultivar from ICRISAT
(ICSV88032) and the progeny were advanced using single-
seed descent from F1 to F5. The local variety has white
grain with good qualities and is widely cultivated by sor-
ghum farmers in Niger. However, this variety is photosensi-
tive and highly susceptible to sorghum midge.
Experimental sites
The study was done during 2015 rainy season at the re-
search stations of INRAN at Konni and Maradi. Both loca-
tions are sorghum midge hotspots in Niger. Konni has a
latitude of 13°47′23″ North and a longitude of 5°14′57″
East and the average annual rainfall of 589.7 mmwith aver-
age temperature of 29.3°C. Maradi has a latitude of 13°18′
25″ North and a longitude of 7°09′35″ East and the average
annual rainfall of 537.4 mm with average temperature of
20.5°C.
Experimental design
The experimental design was an alpha (0.1) latticewith two
replications in two different PDs, giving four environments.
However, blocking was not significant and the dates were
reanalysed using randomized complete block design.
Environments 1, 2, 3 and 4 were the first PD at Konni, the
second PD at Konni, the first PD at Maradi and the second
PD at Maradi, respectively. Two different PDs were used to
simulate early or late beginning of the rainy season. The
early planting was done upon the first rainfall, while the
late planting was done 3 weeks later. Each genotype was
grown in a single row of 3 m; the intra- and inter-row spa-
cing was 0.20 m × 0.80 m. The material was subjected to
natural infestation of sorghum midge. In order to evaluate
midge damage on the panicles, three panicles were cov-
ered at emergence using selfing bags. At harvesting, pan-
icle and grain mass were recorded for the three covered
and three non-covered panicles. The loss in GY in three
non-covered panicles was expressed as a percentage of
GYs in covered panicles.
Data collection and analysis
Datawere collected onGY. The GYwasmeasured in t/hec-
tare adjusted to grain moisture content at 12%. GGE biplot
analyses in GenStat version 18 were performed to identify
high yielding and stable cultivars for GY across the four
environments.
Results
Combined analysis of variance showed significant differ-
ences among genotypes for GY (Table 1). The GY varied
from 3.67 t/ha to 0.14 t/ha in the first PD at Konni and
from 5.51 t/ha to 0.08 t/ha in the second PD. At Maradi,
the yield performance varied from 4.03 t/ha to 0.05 t/ha
in the first PD and from 3.52 t/ha to 0.00 t/ha in the second
PD (Table 2).
Two mega-environments were observed from the GGE
biplot. Environments 1, 3 and 4, representing early planting
at Konni, early planting at Maradi and late planting at
Maradi, formed onemega-environment while environment
2, representing late planting at Konni, is a different
mega-environment. Mega-environment 2 was more
discriminating for GY. Genotypes L232, L17, L207 and
L75 were superior genotypes in the evaluation (Fig. 1).
Table 1. Combined mean squares for GY measured in 282
sorghum genotypes evaluated in 2015 rainy season
Source of variation df GYa
Replications 1 1,234,336*
Entries 281 177,377**
PDs 1 3,548,702**
Sites 1 30,681,580**
Entries × PD 281 129,768**
Entries × sites 281 119,234**
PD × sites 1 7,723,780**
Entries × PD × sites 281 104,061**
Residual 1127 62,286
aGY (t/ha).
*,**Significant at the 5 and 1% probability levels,
respectively.
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Table 2. GY performance of the top 20 and bottom five genotypes out of 282 sorghum genotypes evaluated in 2015 rainy season
Environment 1a Environment 2b Environment 3c Environment 4d
Top 20 genotypes GY (t/ha) Top 20 genotypes GY (t/ha) Top 20 genotypes GY (t/ha) Top 20 genotypes GY (t/ha)
L232 3.67 L17 5.51 L232 4.03 L232 3.52
L219 3.64 L207 5.16 L19 3.49 L84 3.25
L202 3.60 L23 5.06 L140 3.11 L115 2.44
L268 3.56 L75 4.80 L17 2.68 L127 2.32
L17 3.39 L168 4.75 L49 2.44 L162 2.23
L227 3.30 L64 4.72 L250 2.40 L234 1.91
L72 3.23 L202 4.67 L54 2.36 L17 1.91
L118 3.18 L182 4.46 L182 2.36 L86 1.74
L123 2.90 L177 4.07 L43 2.35 L207 1.52
L158 2.85 L60 3.92 L281 2.20 L72 1.51
L116 2.80 L249 3.90 L174 2.19 L47 1.47
L68 2.72 L185 3.79 L128 2.10 L148 1.46
L258 2.68 L11 3.75 L200 2.05 L60 1.43
L59 2.61 L5 3.73 L123 2.03 L257 1.41
L215 2.60 L170 3.72 L219 2.01 L54 1.31
L233 2.55 L52 3.50 L41 1.99 L41 1.31
L106 2.49 L244 3.43 L277 1.93 L132 1.30
L112 2.49 L250 3.30 L210 1.91 L277 1.29
L107 2.46 L236 3.28 L257 1.91 L109 1.28
L271 2.45 L100 3.27 L248 1.87 L113 1.28
Check 1.21 Check 0.28 Check 1.10 Check 0.19
Bottom five genotypes GY (t/ha) Bottom five genotypes GY (t/ha) Bottom five genotypes (t/ha) GY (t/ha) Bottom five genotypes GY (t/ha)
L211 0.25 L110 0.16 L271 0.19 L89 0.00
L120 0.22 L190 0.15 L246 0.18 L106 0.00
L2 0.21 L55 0.14 L268 0.14 L141 0.00
L88 0.20 L263 0.09 L89 0.07 L173 0.00
L176 0.14 L277 0.08 L192 0.05 L224 0.00
LSD at 5%e 507.6 736.5 390.21 146.91
aFirst PD at Konni.
bSecond PD at Konni.
cFirst PD at Maradi.
dSecond PD at Maradi.
eLeast significant difference.
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GGE biplot analysis helps in identifying stable genotypes
associated with the best environments. Environments 1, 3
and 4, representing the early planting at Konni, early and
late planting at Maradi, were located below the average en-
vironment coordinate (AEC). Environment 2, representing
the late planting at Konni, was located above the AEC
(Fig. 2). Genotypes L232, L17, L182, L202, L168 and L64
were above the AEC and closer to average environment
axis than other genotypes (Fig. 2) indicating they are the
most stable genotypes.
Fig. 1. Which-won-where view of GGE biplot of GY of different 282 sorghum genotypes evaluated in 2015 rainy season.
Fig. 2. Scoring of 282 sorghum genotypes and the four different evaluation environments.
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Environment 1, representing the early planting at Konni,
was the best environment for GY, followed by environment
3, representing the early planting at Maradi, environment 4,
representing the late planting at Maradi and environment 2,
representing the early planting at Konni (Fig. 3(a)).
The arrow pointing at the middle of the concentric circle
locates the ideal genotypes. Genotypes closest to the arrow
are the best ones. L232 was the best genotype followed by
L17, L182, L202, L168 and L64 (Fig. 3(b)).
Discussion
According to the analysis of variances, germplasms were
genetically diverse and considerable amount of variability
existed in the materials used for this study. This indicates
that selection among these germplasms can be successful.
Hence the observed variability can be exploited by plant
breeder to undertake further hybridization activities. GGE
biplots provide information on the mean expression of a
trait and its stability. They help to identify the best environ-
ments as well as the best genotypes. In this study, two dis-
tinct groups of environments for GY evaluation were
observed. The first PD at Konni and first and second PDs
at Maradi were similar but the second PD at Konni was
different from the three other environments. However,
the second PD at Konni should be primarily used in the
evaluation of sorghum genotypes for GY since it was the
most discriminating environment. In an earlier study,
Teodoro et al. (2016) reported two mega-environments in
sorghum evaluated over five different environments;
while De Figueirodo et al. (2015) documented several
mega-environments for green mass yield and total soluble
solids in sweet sorghum using GGE biplot analysis.
In terms of GY performance, genotype L232 in environ-
ments 1, 3 and 4 and genotype and genotype L17 in envir-
onment 2 were the leading genotypes. L232 had 3.67, 4.03
and 3.52 t/h in environments 1, 3 and 4, respectively, while
genotype L17 recorded 5.51 t/ha in environment 2. This
makes the two genotypes to be identified as the best per-
forming entries of this study. Al-Naggar et al. (2018) docu-
mented four genotypes based on GY performance and
stability.
The second PD at Konni is more discriminating and
more representative for GY evaluation. This could be due
to the occurrence of higher sorghum midge pressure when
there is delay in sorghum planting time in this sorghum
midge hotspot. Therefore, this environment should be re-
garded as the best environment for selecting sorghum for
yield under midge infestation. Evaluating sorghum geno-
types in this environment could help minimize the cost
for experimenting sorghum for high GY in several en-
vironments. On the other hands, genotype L17 was the
most stable genotype in this environment. Overall, geno-
type L17 is the best variety identified here because it is
high yielding and stable for late planting at Konni were
midge pressure is expected to be high. In a similar study,
Ezzat et al. (2010) studied yield stability in sorghum
Fig. 3. Scoring of four evaluation environments based on an ideal environment (a) and the 282 sorghum genotypes based on
ideal genotypes (b).
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genotypes and identified four genotypes as stable and high
yielding.
The first PD at Konni is the best environment for select-
ing widely adapted genotypes for GY because of low
midge pressure. In this environment, L232, L17, L182,
L202, L168 and L64 were found to be the best performing
genotypes. Based on actual yield and stability, genotypes
L202 and L17 were the best performers in the first and se-
cond PDs at Konni and genotypes L232, L17 and L182 were
the best in the first PD at Maradi where there is lower midge
pressure. Genotypes L232 and L17 were the best in the se-
cond PD at Maradi where midge pressure was the greatest.
Ezzat et al. (2010) reported four sorghum genotypes as
promising cultivars based on GY and yield-stability ana-
lysis. Adugna (2007) recommended four sorghum geno-
types out of 15 evaluated in eight environments for
growing in Ethiopian dry lowland areas.
Conclusions
Stable genotypes adapted across environments for GY
were identified. Environments suitable for evaluating sor-
ghum germplasm for GY were also identified. Overall,
lines L232 and L17 were found to be stable for GY under
both non-midge and midge pressure conditions whereas
the L182, L202 L168 and L64 performed well under non-
midge pressure conditions. These lines are promising for
high-grain yielding and adaptation in sorghum production
areas. These genotypes can also be used as parental mate-
rials for GY and/or midge resistance in sorghum improve-
ment programme.
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